The
INTRODUCTION
Within the Tianshan Mountain foreland exploration region, the Kashi Sag is a particularly active area for petroleum exploration in the southwest Tarim Basin (Zhou et al., 2005; Wang et al., 2004) . The stratigraphic system is basically controlled by its unique ramp structure and the intra-basinally well-developed Talas-Phligna fracture (Wu et al., 2003; Luo et al., 2004; Luo and Che, 1998) . Previous studies have identified that the most likely source rocks in this basin are located in Carboniferous and Jurassic strata (Liu et al., 2006; Zhao et al., 2005; Lü et al., 2009; Li et al., 2011) . Petroleum shows in the Kashi Sag are abundant and significant, with features like oil-sands, liquid oil-seeps, and natural gas in varying amounts. A number of studies of the earliest discovered surface oil shows in this region, the Yangye oil-seeps and the Kelatuo oil-sands, have been conducted (Zhao et al., 2005; Zhao et al., 2003; Qian et al., 2007) . Oil-sand has been found in the Miocene Anjunan and Pakabulake formations in the northern Kashi Sag surface, where well-developed fractures exist in the axis and limbs of the structure (Wei et al., 2006) . However, results of modern investigations of the detailed geochemical characteristics of extracts from the Kelatuo Anticline oil-sand for further-identification of its source rocks have seldom been published. For this reason, oil-sand from the Anjuan Formation in the northern limb of the Kelatuo Anticline has been collected. To identify the source of the oil in the sand, a molecular organic geochemical analysis of the Middle and Lower Jurassic sandy shale and coal of the Kuzigongsu Profile of northern Kashi Sag and of the Lower Carboniferous black shale from the Xilibili Profile of southern Kashi Sag.
GEOLOGICAL SETTING
The Kashi Sag is a sub-tectonic unit of the southwest Tarim Depression (Fig. 1) and is developed in a Precambrian crystalline basement. The geological evolution of (Zhou et al., 2005) . The thickness of potential source rocks increases from east to west in Jurassic -Cretaceous units, with the thickness of Wuqia reaching a maximum of 600 m in the west. The ancient topography of the southwest Tarim Basin during the Carboniferous was high elevations in the north and east and lower ones in the south and west. The sedimentary accumulations in the Kashgar-Yecheng area are consequently thicker to the southwest and thinner to the northeast. Carbonates and mudstones deposited on the platform edges and shelf are mainly distributed southwest of the Atushi-Zepu line (Da et al., 2007; Dong, 2002) . Previous assessments of potential source rocks in the Kashi Sag have been made. A Permian marine-continental transitional facies and Cretaceous and Paleogene shales, most of which have TOC < 0.2%, have been suggested to be poor candidates. A marine carbonate in the northern Kashi Sag has been inferred not to be a hydrocarbon source rock. In contrast, Lower Carboniferous dark grey marine shales and marls in the Kushanhe Profile in the southern Kashi Sag having an average TOC of 1.15% have been suggested to be good source rocks. The great thickness of Jurassic strata has implied that they qualify as a good source rock even though their distribution is limited. According to the previous studies, shales in the Lower Carboniferous and the Middle and Lower Jurassic are believed to be the best candidates as significant source rocks in the Kashi Sag.
SAMPLING AND METHODS
Samples of sandy shale and coal were collected from the Middle and Lower Jurassic section of the Kuzigongsu Profile in the northern Kashi Sag, and samples of limestone and shale were selected from the Carboniferous strata of the Xilibili Profile. Oil-sand was obtained from the Anjuan Formation of the Kelatuo Anticline. The outer, oxidized surfaces of all samples were discarded, avoiding unnecessary artifactual contamination. Distribution of source rocks collection profiles and oil-sand collection locations are shown in Figure 1 .
Samples were washed with distilled water and then air-dried. Each of the clean and dry rock samples was ground into fine powder (120 meshes). Oil-sand samples were ground into 80 meshes. Samples of the oil-sand and source rocks were extracted with dichloromethane: methanol (83:17 v/v for 24 hours). The extract was concentrated and put into small flasks. The extract was quantitatively separated into saturated, aromatic, non-hydrocarbon and asphaltene fraction. The saturated and aromatic fractions were analyzed by gas chromatography (GC) and GC/MS analysis, respectively.
GC analysis was performed using a Shimadzu GC17-A GC with an HP-PONA silica capillary column (50 m × 0.25 mm in inner diameter, 0.25 µm in film thickness). Split ratio was 50:1. Helium was used as the carrier gas. The oven temperature was initially set at 50°C and programmed to 290°C at 4°C/min, with a final hold at 290°C for 30 minutes.
MS analysis was done using an HP 5975i MS interfaced to an Agilent 6890 GC equipped with a 60-m fused silica capillary column (0.32 mm in inner diameter, 0.25 µm in film thickness) and NIST2.0 searching database. Helium was used as the carrier gas, and the injector temperature held at 300°C. The oven temperature was initially set at 80°C and was programmed to 300°C at 3°C /min, with a final hold of 15 minutes. A scan from 50 to 550 amu was used in the MS analysis. Electron ionization was employed (70 eV) with an emission current of 300 µA.
RESULTS AND DISCUSSIONS 4.1. Geochemical characteristics of the oil-sand extracts
The saturated fraction accounts for 31.7% of the total extracts of the oil sand samples, the aromatic fraction is 7.9%, the non-hydrocarbon fraction is 22.2%, and the asphaltene fraction is the largest component at 38.1%. Because the sum of the non-hydrocarbon and asphaltene fractions accounts for more than 60% of the total extracts, the effects of oxidation of the oil and evaporization of the lighter hydrocarbons in the oil sand is clearly evident.
The carbon number distribution of the paraffin-alkanes is nC 15 ∼nC 29 , nC 18 is the maximum peak, which suggests that the main source of these hydrocarbons is lower aquatic organisms and homoneneae. A Pr/Ph ratio of 0.76 indicates a weakly reducing depositional environment. Pregnane and homopregnane account for quite a large amount of the steranes. The distribution of the regular steranes is C 27 > C 28 < C 29 , in a typical "V" style. The triterpane distribution is C 21 > C 23 . The 17(α), 21(β) C 30 hopane is the main component in the hopane series, while dinohopane is at a very low level. Gammacerane is relatively more abundant with a G/C 31 H value of 0.5, as shown in Figure 2 .
Geochemical characteristics of the possible source rocks and the oil-source rock correlation 4.2.1. Evaluation of the potential source rocks in the Kashi Sag
Previous studies have assessed petroleum-source potential of a number of rock formations in the Kashi Sag. They have found that the organic matter in Cretaceous and Paleogene strata is too low (TOC mostly < 0.5%) for these rocks to be likely candidates for petroleum generation. In the northern Kashi Sag, Carboniferous marine carbonates with limited distribution and poor quality of organic matter are not good source rock candidates. In the southern Kushanke profile of the Kashi Sag, the average TOC of Carboniferous marine shales is 1.15%. A transitional shale facies is distributed Sedimentary characteristics of the source rock distributions indicate that the thicknesses of the Jurassic and Cretaceous strata gradually decrease from west to east. The maximum thickness of 600 m is found at Wuqia in the west of the Kashi Sag (Fig. 3) . In the southeast Tarim Basin, palaeo-geomorphology shows that the east and north is higher and the west and south lower, which defines the deposition center in the Kashi-Yecheng. Deposition thickness is consequently greater in the southwest and less in the northeast. Lower Carboniferous carbonates and shales from the platform edge and continental shelf are mainly distributed to the southwest of Atushi-Zepu (Fig. 4) .
The focus of this study is located in the thicker area of the potential source rocks from the Jurassic of the Kuzigongsu Profile and the Carboniferous of the Xilibili Profile, respectively. Source rock of the Kuzigongsu Profile is mainly from the Middle and Lower Jurassic. TOC of sandy shale in Kangsu Formation (J 1 k) has an average value 1.43%. TOC of sandy shale in Yangye Formation (J 2 y) has an average value 1.87%. These values define quite good source rocks. Twenty five sandy shale samples have been analyzed in this study, with TOC ranging from 0.68% to 3.53% and an average value 1.87%, which indicates a good source rock. From the aspect of organic matter maturation, high Tmax (> 450°C) and Ro (>1.1%) show that the organic matter is in the high-maturation stage and has lower generating potential. Located in Ahetala-Xilibili of Keziletao Town in Aketao County, the Xilibili profile contains calcareous sandstone and coal and shale lenses in the Lower Carboniferous, with plant fossil fragments as well. TOC of the shale interlayer ranges from 0.17% to 1.76%, with average value 0.85%. However, average extract yields "A" is 0.006%, and total hydrocarbon is 3ppm, which is probably evidence of higher maturation. The Upper Carboniferous contains dark sandy siltstone, coarse lithic sandstone interbeded with interlayer of sandy limestone, and bio-clastic limestone. TOC ranges from 0.25% to 0.50%, with average value 0.38%, and the average value of total hydrocarbon and the extract yields "A" are 5ppm and 0.002%. The Lower Carboniferous shale is a good source rock, and the Upper Carboniferous is quite inferior. Detailed results of the evaluation are shown in Table 1 . 614 Worthy of mention is the relatively higher amount of 17(α) C 30 diahopane in Middle and Lower Jurassic strata that is commonly discovered in the Ordos Basin and the Keche Basin. Many investigators have concluded that a combination of a suboxidizing environment, an acidic medium and the catalytic action of clay minerals benefits the formation of 17(α) C 30 diahopane (Peters and Moldowan, 1993; Philp and Gilbert, 1986; Farrimond and Teln, 1996; Zhu et al., 2007; Zhao and Zhang, 2001; Wang et al., 2000) . However, some think that moderate alkaline conditions for catalytic action of clay minerals may be important (Xiao et al., 2004) . Others argue that contributions from red algae may explain the relatively higher 17(α) C 30 diahopane . Zhang et al pointed out that oxidation and reduction of the environment and the lithology play a main role in controlling the relative abundance, whereas the type and maturity of the organic matter is less important based on work on interconnecting source rocks in the Yanchang Formation of Ordos Basin .
Geochemical characteristics and oil-source correlation of oil-sand extracts of Kelatuo Anticline in the northern

Geochemistry characteristics of the source rocks
Shale in the Lower Carboniferous of the Xilibili Profile in the southern Kashi Sag is quite different from shale in Jurassic. Higher amounts of shorter chain saturated hydrocarbons indicate a larger contribution of marine organic matter. The shales also have higher abundances of pregnane, homopregnane, and regular steranes with a C 27 > C 28 < C 29 "V" style distribution. Moderate amounts of tricyclic terpanes are distributed C 20 > C 21 > C 23 which is different from the distribution of C 21 < C 23 found in limestone of the Upper Carboniferous. Also, 17(α) C 30 hopane is more abundante and gammacerane is less abundant.
Oil-source rock correlation for the oil-sand extract
The molecular geochemical characteristics of the oil-sand extract have a single peak constituting the major component in the n-alkane TICs, relatively higher amounts of pregnane and homopregnane, regular steranes with a C 27 > C 28 < C 29 "V" style distribution, C 21 > C 23 in tricyclic terpanes, and lower amount of diahopane. These oil-sand characteristics are similar with those of the Carboniferous shale.
The major peak of the triaromatic steroid series is a co-elution of C 27 (20R) triaromatic steranes and 24-methyl triaromatic steranes (20S), meanwhile the methyl triaromatic steroid series is similar with that of the lower Carboniferous shale (Fig. 6) , which makes the shale the mostly likely source rock for the oil-sand rather than the Middle and Lower Jurassic coals and sandy shales.
The fluorene series is widely used for recognizing the paleoenvironment of source rocks. In general, relatively higher proportions of dibenzothiophene indicate a marine saline, strong reduction depositional environment for the oil and source rock. Oil-sand extracts in Kelatuo contain remarkably high amounts of dibenzothiophene, showing that the source rock came from a strongly reducing environment (Fig. 7) . The amount of dibenzothiophene in the Carboniferous shale and limestone is more than 70%, and the amount of dibenzofuranis less than 20%, which indicates that the depositional environment was reducing. Dibenzothiophene in Middle and Lower Jurassic coals and sandy shales constitutes more than 20% of the fluorine series, and dibenzofuran is more than 30% of the series. Compositions of the oil-sand extracts of Kelatuo indicate the same depositional environment as the Carboniferous source rocks, which is important supporting evidence that oil-sand of Kelatuo is derived from the Carboniferous shales rather than middle and lower Jurassic coals and sandy shales. The same result can be concluded from the ratios of dibenzothiophene to phenanthrene and of pristane to phytane (Fig. 8) , which often are used as indicators of depositional environment and lithology (Hughes et al., 1995) . 
CONCLUSIONS
Sandy shale and coal are widely distributed in Middle and Lower Jurassic sections of the Kashi Sag, mainly in the Lower Jurassic Kangsu Formation and the Middle Jurassic Yangye Formation. Average TOC values of these strata are 1.43% and 1.87% respectively. On the basis of total extract yields and the abundance of unknown compound "A" and total extractable hydrocarbons, these formations contain good source rocks. The average TOC of Lower Carboniferous shale in the Xilibili Profile is 0.82%. Lower extract yields of compound "A" and of total hydrocarbons indicate that it is an inferior source rock. Diahopane abnormally is high in the extracts of Middle and Lower Jurassic sandy shales and coals, with lower amounts of dibenzothiophene in the fluorene series, Similarities in the C 21 > C 23 distribution pattern in tricyclic terpanes, triaromatic steroid and fluorene series provide elaborate evidence for oil-source relation. As a whole, the molecular evidence demonstrates that Lower Carboniferous shale in the Xilibili Profile and the oil-sands of Kelatuo are strongly related. 
